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MINIMAL STIFFNESS CONDUCTORS FOR A 
HEAD GIMBAL ASSEMBLY 

This application is a continuation of Ser. No. 08/353,173 
?led Dec. 8, 1994, noW abandoned, Which is a continuation 
in-part of Ser. No. 08/270,928, ?led on Jul. 5, 1994, noW 
abandoned Which is a continuation-in-part of Ser. No. 
08/213,913, ?led on Mar. 15, 1994, noW abandoned. 

TECHNICAL FIELD 

The present invention relates to a head gimbal assembly 
for a data recording disk ?le and more particularly to a head 
gimbal assembly in Which the electrical conductors make a 
minimal contribution to the stiffness of the ?exure. 

BACKGROUND ART 

Magnetic recording disk ?les that utiliZe a transducer 
mounted on a slider for reading and/or Writing data on at 
least one rotatable disk are Well-knoWn in the art. In such 
systems, the slider is typically attached to an actuator arm by 
a suspension system. 

The use of solder balls for attaching the slider to a slider 
support means is knoWn in the art. For example, Ainslie et 
al., in US. Pat. No. 4,761,699, disclose the use of re?oWed 
solder balls for making both the mechanical attachment of 
the slider to the suspension and the electrical connection of 
the transducer to the disk ?le read/Write electronics. 

The use of laminated materials for constructing slider 
suspension systems is also knoWn in the art. For example, 
Erpelding et al., in US. Pat. No. 4,996,623, disclose a 
suspension system comprised of a sheet of polyimide mate 
rial sandwiched between tWo metal layers. This patent also 
discloses that a plurality of conductors can be formed in the 
copper layer of the suspension for providing electrical 
connections to the slider. Additionally, the use of discrete 
layers for constructing the suspension is also knoWn. For 
example, G. Oberg, in US. Pat. No. 4,819,094, discloses a 
suspension system in Which ?exible copper conductors are 
sandWiched betWeen a pair of polyimide ?lms. 

Many suspension systems (also called head gimbal 
assemblies) include a ?exure that is positioned in some 
manner betWeen the slider and the suspension. For example, 
R. Watrous, in US. Pat. No. 4,167,765, discloses a ?exure 
that is added onto a stiffened member. Blaeser et. al, in US. 
Pat. No. 5,198,945, disclose another design that utiliZes the 
material of the suspension as the ?exure. 

A problem With both of these approaches is that it is 
dif?cult to make electrical connections betWeen the mag 
netic transducer and signal conductors on the suspension 
Without adversely affecting the pitch and roll stiffness of the 
head gimbal assembly. 
An approach to reducing the in?uence of the electrical 

lead Wires on the spring characteristics of the suspension is 
illustrated by M. Takahashi, in Japanese Kokai No. 
53-30310. This document discloses a magnetic head assem 
bly in Which the electrical lead Wires are imbedded in a 
?exible print plate Which functions as a spring. Toshima et 
al., in Japanese Kokai No. 60-246015, disclose a similar 
system. 

SUMMARY OF THE PRESENT INVENTION 

Brie?y, the preferred embodiment of the present invention 
is a suspension system for supporting a magnetic read/Write 
slider comprising a load beam for mechanically supporting 
a slider, a slider support member for providing a region on 
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2 
Which the slider is mechanically attached, and a ?exure for 
connecting the load beam to the slider support member. The 
?exure comprises a ?rst ?exure arm Which forms a ?rst 
outside edge of the ?exure, and a second ?exure arm Which 
forms a second outside edge of the ?exure. The ?rst ?exure 
arm is positioned closer to the disk hub than the second 
?exure arm. 

A plurality of electrical conductors for electrically con 
necting a magnetic data transducer formed on the slider to 
the disk ?le electronic system, extend along the edge of the 
load beam on the side of the load beam that contains the 
second ?exure arm. The electrical conductors are positioned 
adjacent to the second ?exure arm, but are outside of the 
second ?exure arm so as not to contribute to the stiffness of 
the second ?exure arm. 

In the preferred embodiment, the electrical conductors are 
comprised of a laminated material Which includes a con 
ductor layer, a dielectric layer and a support layer. The 
conductor layer is comprised of a high strength electrically 
conductive material such as a high strength copper alloy. 
The dielectric layer is comprised of an electrically insulating 
material such as a polyimide, Te?on or epoxy. The support 
layer is comprised of a nonmagnetic, high strength material 
such as stainless steel, titanium or beryllium copper. 

In the region adjacent to the second ?exure arm, the 
support layer is completely removed from underneath the 
conductors. In the region along the edge of the load beam, 
the support layer is removed from underneath the conductors 
Which function as read lines. The use of high strength 
materials in the conductive layer alloWs the support layer to 
be removed in the regions described above, Without making 
the conductors excessively fragile. 
An alternative embodiment of the present invention com 

prises a suspension system having a ?exure for connecting 
the load beam to the slider support member. The ?exure 
includes a ?rst ?exible ?nger region Which extends along a 
?rst outside edge of the ?exure and a second ?exible ?nger 
region Which extends along a second outside edge of the 
?exure. A ?rst plurality of slots extend completely through 
the ?rst ?exible ?nger region, and a second plurality of slots 
extend completely through the second ?exible ?nger region. 
A ?rst plurality of electrical conductors extend along the 

?rst ?exible ?nger region, and are positioned over the ?rst 
plurality of slots. A second plurality of electrical conductors 
extend along the second ?exible ?nger region and are 
positioned over the second plurality of slots. The slots 
provide region into Which the electrical conductors can 
move When the ?exure undergoes de?ections, thereby 
reducing the contribution to the ?exure stiffness made by the 
conductors. 
The ?exure is comprised of a laminated material Which 

includes a conductor layer, a dielectric layer and a support 
layer. The conductor layer is comprised of a high strength 
electrically conductive material, such as a high strength 
copper alloy, thereby alloWing the electrical conductors to be 
formed directly in this layer. The dielectric layer is com 
prised of an electrically insulating material such as a 
polyimide, Te?on or epoxy. The support layer is comprised 
of a nonmagnetic, high strength material such as stainless 
steel, titanium or beryllium copper. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic side vieW of a slider suspension 
system according to the present invention; 

FIG. 2 is a cross-sectional vieW of the slider suspension 
system taken along the line 2—2 of FIG. 1; 
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FIG. 3 is an isometric vieW of a slider suspension system; 

FIG. 4 is a cross-sectional vieW of the slider suspension 
system taken along the line 4—4 of FIG. 3; 

FIG. 5 is a schematic diagram of a disk ?le that utiliZes 
the slider suspension system according to the present inven 
tion; 

FIG. 6 is a top vieW of a slider suspension system having 
a pair of ?exures in the head support area; 

FIG. 7 is a cross-sectional vieW of the slider suspension 
system taken along the line 7—7 of FIG. 6; 

FIG. 8 is a cross-sectional vieW of the slider suspension 
system taken along the line 8—8 of FIG. 6; 

FIG. 9 is an exploded vieW of a slider suspension system 
having a pair of ?exible ?nger regions in the ?exure accord 
ing to the present invention; 

FIG. 10 is an isometric vieW of a slider shoWing a 
plurality of right angle ?llet joints used for forming electri 
cal connections to the conductors; 

FIG. 11 is a cross-sectional vieW of the slider suspension 
system taken along the line 11—11 of FIG. 10; 

FIG. 12 is a top vieW of the support layer of the slider 
suspension system shoWn in FIG. 9; 

FIG. 13 is a top vieW of the dielectric layer of the slider 
suspension system shoWn in FIG. 9; 

FIG. 14 is a top vieW of the conductor layer of the slider 
suspension system shoWn in FIG. 9; 

FIG. 15 is an isometric vieW of a slider suspension system 
having electrical conductors positioned aWay from the Hex 
ure and doWn the side of the load beam according to the 
present invention; 

FIG. 16 is a cross-sectional vieW of the slider suspension 
system taken along the line 16—16 of FIG. 15; 

FIG. 17 is a cross-sectional vieW of the slider suspension 
system taken along the line 17—17 of FIG. 15; 

FIG. 18 is a top vieW of the support layer of the slider 
suspension system shoWn in FIG. 15; 

FIG. 19 is a top vieW of the dielectric layer of the slider 
suspension system shoWn in FIG. 15; 

FIG. 20 is a top vieW of the conductor layer of the slider 
suspension system shoWn in FIG. 15; and 

FIG. 21 is a top vieW of the ?exure member of the slider 
suspension system shoWn in FIG. 15. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

FIG. 1 is a schematic diagram of a ?rst transducer 
suspension 10 and a second transducer suspension 14 
attached to an actuator arm 18. The suspensions 10 and 14 
are also referred to as head gimbal assemblies. 

A ?rst slider 22 is positioned at an end of the ?rst 
transducer suspension 10 distally to the arm 18. A second 
slider 26 is positioned at an end of the second transducer 
suspension 14 distally to the arm 18. The slider 22 includes 
one or more data transducers 27 for reading and/or Writing 
data on a magnetic medium such as a hard magnetic disk 30. 
Similarly, the slider 26 includes one or more data transduc 
ers 28 for reading and/or Writing data on a magnetic medium 
such as a hard magnetic disk 34. 

FIG. 2 is a cross-sectional vieW of the ?rst transducer 
suspension 10 illustrating that the suspension 10 is a mul 
tilayered laminate 39 comprised of a ?rst layer 40, a second 
layer 44 and a third layer 48. The ?rst layer 40 is positioned 
adjacent to one surface of the second layer 44. The third 
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4 
layer 48 is positioned adjacent to a different surface of the 
second layer 44 so that the second layer 44 separates the ?rst 
layer 40 and the third layer 48, With the layers 40, 44 and 48 
all lying in planes that are parallel to each other. The layers 
40, 44 and 48 are generally secured together by a thin 
adhesive layer applied betWeen layers 40 and 44 and 
betWeen layers 44 and 48. 

Representative dimensions and compositions for the vari 
ous elements illustrated in FIG. 2 are as folloWs: In the 
preferred embodiment, the ?rst layer 40 has a thickness “W” 
of approximately 0.051 millimeters and comprises full hard 
301, 302 or 304 stainless steel. In more general terms, the 
?rst layer 40 has a thickness “W” of approximately 0.076 
millimeters, or less, and comprises a rigid material such as 
stainless steel. Typically, the ?rst layer 40 comprises 300 
series stainless steel, but other stainless steels and other rigid 
materials could also be used (eg beryllium copper or 
titanium). 

In the preferred embodiment, the second layer 44 com 
prises a polyimide that has properties similar to the proper 
ties of Kapton® E brand polyimide manufactured by E. I. 
Du Pont de Nemours and Company (“Dupont”), including a 
dielectric constant in the range of approximately 3.0 to 3.5. 
Additionally, the coef?cient of thermal expansion (CTE) of 
the polyimide should be such that the laminate 39 Will be in 
a neutral stress condition after the laminate 39 is manufac 
tured. A neutral stress condition means that the laminate 39 
Will remain ?at after manufacturing and Will not curl up after 
either the ?rst layer 40 or the third layer 48 are etched. 
Furthermore, the adhesive used to secure the layers 40, 44 
and 48 together should be suf?ciently robust to keep the 
laminate 39 intact up to a temperature of approximately 350° 
C. 

In the preferred embodiment, the second layer 44 has a 
thickness “x” of approximately 0.0165 millimeters. This 
thickness is chosen because a thin layer 44 is needed to keep 
the stiffness of the suspension 10 loW, but the price of 
polyimide ?lms thinner than 0.0165 millimeters is a limiting 
consideration. 

Rogers Corporation (Circuit Materials Unit), of Chandler, 
AriZ., supplies a laminate 39 having a second layer 44 that 
meets the speci?cations listed above. In ordering the lami 
nate 39, the desired material for the third layer 48, such as 
one of the alloys described beloW, is provided to Rogers 
Corporation along With the speci?cations for the ?rst layer 
40, the second layer 44 and the third layer 48. Rogers 
Corporation then prepares a suitable laminate using propri 
etary methods. 

In the Rogers laminate, the second layer 44 comprises a 
0.0165 millimeter polyimide layer (layer 44) Which is 
thought to be the same polyimide (or a similar polyimide) as 
is used in the Kool Base® brand material manufactured by 
Mitsui Toatsu Chemicals, Inc. In the Kool Base polyimide, 
a thin layer of adhesive is applied to each side of the 
polyimide layer for bonding the layer 44 to the layers 40 and 
48. 
A substitute for the Rogers laminate is a laminate custom 

manufactured by Dupont having a 0.0165 millimeter layer 
of Dupont’s EKJ self-adhering polyimide composite 
(Kapton® E brand polyimide manufactured by Dupont) and 
meeting the other speci?cations listed above for the second 
layer 44. 

Stated more generally, the second layer 44 has a thickness 
“x” of approximately 0.018 millimeters or less, and com 
prises a dielectric material such as a polyimide having a 
dielectric constant in the range of approximately 3.0 to 3.5 
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and a coefficient of thermal expansion (CTE) Which allows 
the laminate 39 to be in a neutral stress condition after the 
laminate 39 is manufactured. 

Polyimides of the types described in US. Pat. Nos. 
4,839,232, 4,543,295 and 5,298,331 are potentially useful as 
the second layer 44, although the suitability of a speci?c 
polyimide for a particular purpose should be veri?ed. 
Additionally, Te?on compounds of the formula F(CF2)nF are 
also suitable for use in the second layer 44, as are noncon 
ductive epoxies and other dielectric materials. 

In the preferred embodiment, the third layer 48 has a 
thickness “y” of approximately 0.0178 millimeters and 
comprises a copper-nickel-silicon-magnesium alloy such as 
the copper alloy C7025 With a TMO3 temper (full hard heat 
temper) manufactured by Olin Brass (composition 96.2% 
Cu; 3% Ni; 0.65% Si; and 0.15% Mg). 

Examples of other speci?c materials that can function as 
the third layer 48 include the following: 1. a high strength 
beryllium copper alloy (composition: 97.2—98.4% Cu; 
0.2—0.6% Be; and 1.4—2.2% Ni, such as Brush Wellman 
beryllium copper alloy 3 (C17510) With an HT temper); 2. 
a high strength brass alloy (composition: 97.5% Cu; 2.35% 
Fe; 0.03% P; and 0.12% Zn, such as Olin Brass copper alloy 
C194 With an ex. spring temper); 3. a high strength titanium 
copper alloy (composition: 96.1—96.6% Cu; and 2.9—3.4% 
Ti, such as Nippon Mining titanium copper alloy With a 
TiCuRl-EHM temper). 

Stated more generally, the third layer 48 comprises a high 
strength electrically conducting material and has a thickness 
“y” of approximately 0.018 millimeters or less. For purposes 
of the present invention, the term “high strength” refers to a 
material With a tensile yield strength (Sy) greater than 70 ksi 
(kilopounds per square inch) and Which doesn’t soften by 
more than 10% When exposed to a temperature of 300° C. 
for one hour. 

FIG. 3 is an isometric vieW of the ?rst transducer sus 
pension 10. The suspension 10 has a slider portion 54, an 
arm portion 58 and a link portion 62 (also referred to as a 
load beam). Aplurality of electrical lines 66 are present on 
a surface 70 of the system 10. Each electrical line 66 has a 
space 74 positioned along each of its sides so as to prevent 
the electrical line 66 from shorting out With an adjacent 
electrical line 66. 

Aplurality of hinges 78 are also shoWn in the surface 70. 
The hinges 78 are regions in Which the third layer 48 has 
been removed to form channels in the third layer 48. The 
hinges 78 increase the ?exibility of the suspension 10 and/or 
permit the suspension 10 to be bent at some predetermined 
angle. Similarly, hinges can also be formed by etching 
channels in the ?rst layer 40. 

The portions 54, 58 and 62 designate regions of the 
suspension 10, but the suspension 10 is preferably formed 
from one continuous piece of laminated material as is 
explained herein With respect to FIGS. 2 and 4. 

The slider portion 54 is the part of the suspension 10 on 
Which the read/Write slider 22 is mounted. The electrical 
lines 66 form the electrical connections for connecting the 
slider 22 and the transducer 27 to an external system as is 
explained later With respect to FIG. 5. 

The arm portion 58 is the part of the suspension 10 that 
is connected to the actuator arm 18. Typically, the arm 
portion 58 is attached to the actuator arm 18 by bonding, 
Welding, sWaging or screWing the arm portion 18 to the 
actuator arm along the ?rst layer 40 shoWn in FIG. 2. 

The link portion 62 connects the arm portion 58 to the 
slider portion 54. The suspension 14 is identical to the 
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6 
suspension lo and includes all of the elements shoWn in FIG. 
3, including the portions 54, 58 and 62 and the electrical 
lines 66. 

FIG. 4 is a cross-sectional vieW of the suspension 10 
illustrating that the electrical lines 66 are regions of the third 
layer 48 that are roughly rectangular in cross section, and 
that are separated from each adjacent electrical line 66 by 
one of the spaces 74. The spaces 74 extend doWn to the 
second layer 44 so that the second layer 44 is exposed 
through the space 74. 
The electrical lines 66 are formed by etching the surface 

70 using standard metal etching techniques. For example, 
When the third layer 48 comprises one of the copper alloys 
described above, the layer 48 is etched With ferric chloride 
or other suitable etchants. The etching process removes 
metal from speci?ed regions, thereby forming the spaces 74 
that de?ne the electrical lines 66. In practice, a typical 
chemical etching process Will not form a groove having the 
perfect rectangular shape illustrated in FIG. 4 for the spaces 
74. Actual grooves formed by a chemical etching process are 
slightly rounded or tapered as is Well-knoWn in the art. In 
general, features such as the electrical lines 66, the spaces 74 
and the hinges 78 are formed directly on the third layer 48 
using photolithographic processes or by using numerically 
controlled imaging such as laser machining. 

In the preferred embodiment, the ?rst, second and third 
layers 40, 44 and 48 initially comprise a continuous sheet of 
laminated material of copper alloy/polyimide/stainless steel 
laminate. A plurality of slider suspension systems 10 are 
then manufactured from the sheet of laminate using the 
techniques described above. 
A general procedure for the preparation of the metal 

polyimide laminated material is described by St. Clair et al. 
in US. Pat. No. 4,543,295 (issued Sep. 24, 1985). 

FIG. 5 is a schematic diagram of a magnetic recording 
disk ?le 84 that utiliZes the transducer suspension system 10 
of the present invention. It should be appreciated that the 
suspension system 14 is identical to the suspension system 
10 so that the folloWing comments apply equally to either 
the suspension system 10 or the suspension system 14. It 
should also be appreciated that the suspension systems 10 
and 14 could be used With other data storage systems, such 
as ?oppy disk drives, optical drives or compact disk players. 
The disk ?le 84 comprises a plurality of magnetic record 

ing disks 88 suitable for use in hard disk drives. The disks 
88 are mounted on a spindle shaft 92 Which is connected to 
a spindle motor 96. Motor 96 is mounted to a chassis 100. 
The plurality of read/Write sliders 22 and 26 are posi 

tioned over the disks 88 such that each disk 88 can be 
accessed by one of the sliders 22 or 26. Each of the sliders 
22 and 26 includes a transducer for reading and Writing data 
on a plurality of concentric data tracks on the disks 88 and 
are attached to one of the suspension systems 10 (or 14). 
Each of the suspension systems 10 (or 14) are attached to the 
actuator arm 18 Which is attached to a rotary actuator 104. 
The rotary actuator 104 moves the actuator arm 18 (and 
hence the suspension system 10 or 14 and the sliders 22 or 
26) in a radial direction across the disk 88. An enclosure 108 
(shoWn by a dashed line in FIG. 5) seals the disk ?le 84 and 
provides protection from particulate contamination. 
A controller unit 112 provides overall control to the 

system 84. The controller unit 112 contains a central pro 
cessing unit (CPU), memory unit and other digital circuitry 
and is connected to an actuator control/drive unit 116 Which 
in turn is electrically connected to the actuator 104. This 
alloWs the controller 112 to control the movement of the 
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sliders 22 and 26 over the disks 88. The controller 112 is 
electrically connected to a read/Write channel 120 Which in 
turn is electrically connected to the sliders 22 and 26. This 
alloWs the controller 112 to send and receive data from the 
disks 88. The controller 112 is electrically connected to a 
spindle control/drive unit 124 Which in turn is electrically 
connected to the spindle motor 96. This alloWs the controller 
112 to control the rotation of the disks 88. Ahost system 128, 
Which is typically a computer system, is electrically con 
nected to the controller unit 112. The host system 128 may 
send digital data to the controller 112 to be stored on the 
disks 88, or may request that digital data be read from the 
disks 88 and sent to the system 128. The basic operation and 
structure of data storage systems, such as the disk ?le 84 
(Without the suspension systems 10 or 14), is Well-knoWn in 
the art and is described in more detail in Magnetic Recording 
Handbook, C. Dennis Mee and Eric D. Daniel, McGraW-Hill 
Book Company (1990). 

FIG. 6 is a top vieW of a transducer suspension 130 having 
a ?exure 134 and a ?exure 138. The construction and use of 
the suspension 130 is analogous to the construction and use 
of the suspension 10 shoWn in FIG. 3, and the transducer 
suspension 130 can be substituted for the suspensions 10 or 
14 in the disk ?le 84 shoWn in FIG. 5. 

Speci?cally, the suspension 130 has a slider portion 142 
analogous to the slider portion 54, a link portion 146 (also 
referred to as a load beam) analogous to the link portion 62 
and an arm portion (not shoWn) analogous to the arm portion 
58. The suspension 130 also includes a slider 152 (Which 
includes one or more data transducers for reading and/or 
Writing data on a magnetic medium) analogous to the slider 
22, a plurality of electrical lines 154 analogous to the 
electrical lines 66 and a plurality of spaces 158 analogous to 
the spaces 74. 

The ?exures 134 and 138 are regions of reduced stiffness 
(compared to the link portion 146) that separate the slider 
portion 142 from the link portion (load beam) 146 and Which 
function to alloW the slider 152 to conform to, and ?y over, 
the recording disk 88. 

FIG. 7 is a cross-sectional vieW of the transducer suspen 
sion 130 illustrating that the suspension 130 is a multilay 
ered structure comprised of a ?rst layer 162 analogous to the 
?rst layer 40, a second layer 164 analogous to the second 
layer 44 and a third layer 166 analogous to the third layer 48. 
The dimensions, compositions and orientations of the layers 
162, 164 and 166 are identical to those previously described 
for the layers 40, 44 and 48 With respect to FIG. 2. In the 
suspension 130, the layers 162, 164 and 166 are oriented so 
that the third layer 166 is positioned closest to the disk 88 
over Which the slider 152 is ?ying. The laminate 39 shoWn 
in FIG. 2 is also oriented this Way. 

FIG. 7 also illustrates that the electrical lines 154 are 
regions of the third layer 166 that are roughly rectangular in 
cross section, and that are separated from each adjacent 
electrical line 154 by one of the spaces 158. The spaces 158 
extend doWn to the second layer 164 so that the second layer 
164 is exposed through the space 158. One of the spaces 158 
is positioned along each side of an electrical line 154 so as 
to prevent the electrical line 154 from shorting out With an 
adjacent electrical line 154. The electrical lines 154 are 
formed in the same manner as Was previously described for 
the electrical lines 66. A pair of outer regions 167 and 168 
of the third layer 166 function as guard lines to reduce the 
effect of electromagnetic interference. 

FIG. 8 is a cross-sectional vieW illustrating that the ?exure 
138 comprises a region of the suspension 130 that separates 
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the slider portion 142 from the link portion (load beam) 146 
and in Which the ?rst layer 162 has been completely 
removed from underneath the second layer 164 leaving only 
the layers 164 and 166 to connect the slider portion 142 to 
the link portion 146. Alternatively, the ?exure 138 can 
comprise a region in Which the ?rst layer 162 is only 
partially removed from underneath the second layer 164. 
The construction of the ?exure 134 is identical to that of the 
?exure 138. 
The total or partial removal of the ?rst layer 162 from 

underneath the second layer 164 decreases the stiffness of 
the ?exures 134 and 138. The use of a high strength alloy for 
the third layer 166 gives the ?exures 134 and 138 suf?cient 
strength to support the slider portion 142 and the slider 152 
(even With the ?rst layer 162 completely or partially 
removed) While still having the ?exibility (loW stiffness) 
required to alloW the slider 152 to conform to, and ?y over, 
the recording disk 88. 

Referring noW to FIGS. 1 and 2, the utility of the 
laminated structure 39 can be explained. The trend Within 
the hard disk drive industry toWards smaller drives has 
created a demand for very small (and loW cost) head gimbal 
assemblies. The laminated structure of the transducer sus 
pension 10 permits very small head gimbal assemblies to be 
designed especially When the third layer 48 is comprised of 
a high strength electrical conductor. 
The three layers of the suspension 10 function as folloWs: 

The ?rst layer 40 (or 162) is a stiffener layer that gives 
rigidity to the system 10. The second layer 44 (or 164) is 
comprised of a dielectric material that functions as an 
electrical insulator betWeen the ?rst layer 40 (or 162) and the 
third layer 48 (or 166). For some applications, it is useful if 
the second layer 44 (or 164) is a dielectric material that also 
has viscoelastic properties (like a polyimide) Which 
increases damping. Viscoelastic means that the stress in a 
deformed material is proportional to both the deformation 
and the rate of deformation. Viscoelastic materials also 
exhibit creep and relaxation behavior. Creep means that 
under constant stress the deformation increases in time. 
Relaxation means that under constant ?xed deformation the 
stress decreases steadily in time. 
The third layer 48 (or 166) is comprised of a high strength 

electrically conducting material, such as one of the high 
strength copper alloys described previously. The third layer 
48 (or 166) is preferably comprised of a high conductivity 
alloy (eg a copper alloy) because the electrical lines 66 (or 
154) need to function as ef?cient electrical conductors. 
The use of high strength alloys in the third layer 48 (or 

166) is important for several reasons: First, the use of a high 
strength alloy in the conductor layer reduces the stiffness of 
the suspension 10 (or 130) Which is important When the 
slider 22 (or 152) is small (See Example 2 beloW). 

Second, the use of a high strength alloy permits the 
thickness of the third layer 48 (or 166) to be kept less than 
or equal to eighteen microns (as shoWn in Example 1 beloW, 
thickness varies inversely With the square root of yield 
strength). 

Third, the use of a high strength alloy permits more design 
options such as the integration of the electrical lines 66 (or 
154) and the hinges 78 directly into the third layer 48 (or 
166). Similarly, the use of a high strength alloy permits the 
use of the ?exures 134 and 138, because the third layer 166 
carries most of the load once the ?rst layer 162 has been 
removed. 

Fourth, the high strength copper alloy adds robustness to 
the suspension and reduces yield losses due to handling 
damage during the manufacturing process. 



US 6,351,348 B1 
9 

EXAMPLE 1 

The use of a high strength alloy reduces the thickness of 
the third layer 48 (or 166) is illustrated by the following 
discussion: 

The thickness “t” of a rectangular metal strip having a 
Width “W” and a length “L” is related to the yield strength 
of the material “Sy” by equation 1: 

Where C=constant=(6PL/W 1/2 and P is the load applied to 
the metal strip to cause it to bend. 

The folloWing calculation uses Equation 1 to illustrate 
that if the metal strip must carry the same load (P) and is 
comprised of a second material having a yield strength 
Which is three times greater than the yield strength of a ?rst 
material, then the metal strip comprised of the second 
material can be 42% thinner and still have the same strength: 
If Sy1=soft copper yield strength=30 ksi; and Sy2=high 
strength copper alloy yield strength=90 ksi; then t2/t1=(sy1/ 
sy2 1/2=0.58 (a 42% reduction in thickness). 

EXAMPLE 2 

The reason use of a high strength alloy reduces the 
stiffness of the third layer 48 (or 166) is illustrated by the 
folloWing discussion: 

The stiffness “k” of a rectangular metal strip having a 
Width “W” and length “L” is related to the thickness “t” of 
the material by equation 2: 

k=Dt3 (2) 

Where D=constant=EW/6L3 and E is Young’s modulus. 
The folloWing calculation uses Equation 2 and the result 

of Example 1 to illustrate that if the metal strip must carry 
the same load (P) and is comprised of a second material 
having a yield strength Which is three times greater than a 
?rst material, then the metal strip comprised of the second 
material has an 81% reduction in stiffness: If Sy1=soft 
copper yield strength=30 ksi; and Sy2=high strength copper 
alloy yield strength=90 ksi; then k2/k1=(t2/t1)3=(0.58)3=0.19 
(an 81% reduction in stiffness). 

FIG. 9 is an exploded vieW of a transducer suspension 
170. The construction and use of the suspension 170 is 
analogous to the construction and use of the suspensions 10 
and 130, and the transducer suspension 170 can be substi 
tuted for the suspensions 10 or 14 in the disk ?le 84 shoWn 
in FIG. 5. 

Speci?cally, the suspension 170 has a slider portion 174 
analogous to the slider portion 54, a link portion 176 (also 
referred to as a load beam) analogous to the link portion 62 
and an arm portion (not shoWn) analogous to the arm portion 
58. The suspension 170 also includes a slider 180 analogous 
to the slider 22, a plurality of electrical lines 184 analogous 
to the electrical lines 66 and a plurality of spaces 188 
analogous to the spaces 74. The slider 180 also includes one 
or more data transducers 192 for reading and/or Writing data 
on a magnetic medium. 

Aplurality of solder balls 196 are positioned at the ends 
of the electrical lines 184. The solder balls 196 are posi 
tioned for fusing to a plurality of solder balls 198 located on 
the slider 180. When fused together, the solder balls 196 and 
198 form the electrical connectors 208 (shoWn in FIG. 10. 

The suspension 170 also includes a shim 200 and a 
stiffener 204. The stiffener 204 is an optional element that 
functions to increase the rigidity of the link portion 176. If 
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rigidity of the link portion 176 is not required, or if it is 
achieved by additional forming of the link portion 176, then 
the stiffener 204 may be deleted from the suspension 170. A 
pair of notches 205 prevent the stiffener 204 from shorting 
the electrical lines 184 in a pair of regions 206. 

FIG. 10 illustrates the slider 180 assembled on the sus 
pension 170. The shim 200 is positioned betWeen the slider 
180 and the slider portion 174. 

In the preferred embodiment, the slider 180 has dimen 
sions of 1 mm><1.25 mm><0.3 mm. HoWever, the present 
invention is not limited to this slider siZe. The transducer 192 
is electrically connected to the electrical lines 184 by a 
plurality of electrical connectors 208. The connectors 208 
are referred to as right angle ?llet joints and are formed in 
the manner described by Ainslie et al. in US. Pat. No. 
4,761,699. 

In the preferred embodiment, the slider 180 is a conven 
tional magnetoresistive (MR) slider having an air bearing 
surface 212, a leading edge 216 and a trailing edge 220. A 
plurality of rains 224 are positioned on the air bearing 
surface 212 and the transducer 192 is a conventional thin 
?lm read/Write transducer formed on the trailing edge 220 
and used for reading and/or Writing data on a hard magnetic 
disk. HoWever, the present invention is not limited to thin 
?lm transducers or to hard magnetic disk technology. The 
present invention is a suspension system that could be used 
With other types of data transducers and systems such as 
optical detectors in optical disk systems or in ?exible 
magnetic media systems. 

FIG. 11 is a cross-sectional vieW illustrating that the slider 
180 is seated on the shim 200. The shim 200 serves tWo 
purposes: First, the shim 200 provides a means for mechani 
cally attaching the slider 180 to the slider portion 174. In the 
preferred embodiment, the slider 180 is attached to the shim 
200 With epoxy. The shim 200 is attached to the slider 
portion 174, also With either epoxy or spot Welds. Second, 
the height of the shim 200 provides a clearance betWeen the 
electrical lines 184 and the slider 180 (see dimension “e” in 
FIG. 11). The clearance is needed because the electrical lines 
184 undergo de?ection or deformation caused by forces 
such as the load of forcing the slider 180 toWard the disk 88, 
or due to vibrations that occur While the slider 180 ?ies over 
the disk 88. Typically, “e” is approximately equal to 0.075 
mm. 

FIG. 11 also illustrates that the suspension 170 is com 
prised of a three-layer laminate analogous to the laminated 
structure shoWn in FIG. 2. The suspension 170 is comprised 
of a ?rst layer 230 analogous to the ?rst layer 40, a second 
layer 234 analogous to the second layer 44 and a third layer 
238 analogous to the third layer 48. The ?rst layer 230 has 
a thickness “a”; the second layer 234 has a thickness “b”; 
and the third layer 238 has a thickness “c”. The thicknesses 
“a”, “b” and “c”, and the compositions and orientations of 
the layers 230, 234 and 238 are identical to those previously 
described for the layers 40, 44 and 48 With respect to FIG. 
2. 

FIG. 11 also illustrates that the electrical lines 184 are 
regions of the third layer 238 that are roughly rectangular in 
cross section, and that have one of the spaces 188 positioned 
on each side. The spaces 188 extend doWn to the second 
layer 234 so that the second layer 234 is exposed through the 
space 188. One of the spaces 188 is positioned betWeen each 
adjacent electrical line 184 so as to prevent the electrical line 
184 from shorting to the adjacent electrical line 184. The 
electrical lines 184 are formed in the same manner as Was 

previously described for the electrical lines 66. 
FIG. 12 illustrates the shape of the ?rst layer 230 When the 

second and third layers 234 and 238 are removed from the 
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suspension 170. A ?exure portion 242 connects a link 
portion 246 to a slider portion 250. The link portion 246 
forms one layer of the link portion 176 shoWn in FIG. 9, and 
the slider portion 250 forms one layer of the slider portion 
174 shoWn in FIG. 9. 

The ?exure portion 242 is a region of reduced stiffness 
compared to the link portion 246. The reduced stiffness of 
the ?exure portion 242 alloWs the slider 180 to conform to, 
and ?y over, a magnetic medium such as the recording disk 
88 shoWn in FIG. 5. 

The ?exure portion 242 comprises a ?rst ?exible ?nger 
254, a second ?exible ?nger 258, and a midsection 262. The 
?exible ?nger 254 extends along one outside edge of the 
?exure portion 242 and the ?exible ?nger 258 extends along 
the other outside edge of the ?exure portion 242. The 
midsection 262 is positioned betWeen the ?exible ?ngers 
254 and 258. Midsection 262 contains a dimple 265 Which 
applies the loading force of the link portion 176 through the 
shim 200 and onto the slider 180. The dimple 265 is a raised 
area formed in the ?rst layer 230. 
A plurality of slots 266 are formed in the ?exible ?ngers 

254 and 258. The slots 266 extend completely through the 
?rst layer 230 and have various elongated shapes. The 
speci?c shapes. of the slots 266 are not critical but are 
chosen With the three objectives listed beloW in mind. 

First, the slots 266 reduce the amount of metal contained 
in the ?exible ?ngers 254 and 258, thereby reducing the 
stiffness of the ?exible ?ngers 254 and 258. Additionally, the 
pattern of the slots 266 in the ?exible ?nger 254 are usually 
the mirror image of the pattern of slots 266 in the ?exible 
?nger 258 so as to maintain the symmetry of the suspension 
170. 

Second, the slots 266 provide regions into Which the 
second and third layers 234 and 238 can de?ect When the 
?exible ?ngers 254 and 258 bend, thereby further reducing 
the stiffness of the ?exible ?ngers 254 and 258. 

Third, the slots 266 reduce the capacitance of the elec 
trical lines 184 to ground by providing regions over Which 
the electrical lines 184 can run Without encountering metal 
from the layer 230. 
A V-shaped slot 270 iE; formed in the ?rst layer 230 to 

ensure that the ?exible ?ngers 254 and 258 are the parts of 
the ?exure portion 242 that form the mechanical connection 
to the slider portion 250. 

Aplurality of slots 274 are formed in the link portion 246. 
The slots 274 extend completely through the ?rst layer 230 
and have various shapes such as circles, ovals and rect 
angles. The speci?c shapes of the slots 274 are not critical 
but are chosen for the purpose of providing regions over 
Which the electrical lines 184 can run Without encountering 
metal from the layer 230. This reduces the capacitance of the 
electrical lines 184 to ground. 

FIG. 13 illustrates the shape of the second layer 234 When 
the ?rst and third layers 230 and 238 are removed from the 
suspension 170. The second layer 234 includes a ?exure 
portion 272 Which lays over the ?exible ?ngers 254 and 258 
of the ?exure portion 242; an elongated link section 276 
Which lays over the link section 246; and a slider portion 278 
Which lays over the slider portion 250. 

FIG. 14 illustrates the shape of the third layer 238 When 
the ?rst and second layers 230 and 234 are removed from the 
suspension 170. The electrical lines 184 are positioned so 
that they lay on top of the second layer 234. The third layer 
238 includes a ?exure portion 282 Which lays over the 
?exure portion 272; an elongated link section 286 Which 
lays over the link section 276; and a slider portion 290 Which 
lays over the slider portion 278. A plurality of pads 294 are 
areas of the third layer 238 upon Which the solder balls 196 
are positioned. 
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The use of a high strength alloy for the third layer 238 

alloWs the thickness of the third layer 238 to be kept thin 
enough so as not to appreciably contribute to the rigidity of 
the ?exure portion 282 While still providing suf?cient 
robustness to Withstand this manufacturing process. 

If an extremely ?exible ?exure portion is required, the 
?rst layer 230 can be eliminated entirely from the ?exible 
?ngers 254 and 258 leaving only the second layer 234 and 
the third layer 238 to function as the ?exible ?ngers 254 and 
258 (see FIGS. 6 and 8). The third layer 238 can comprise 
any of the high strength materials described previously for 
the third layer 48 With respect to FIG. 2. 

It should be noted that the present invention is not limited 
to situations Where the electrical conductors 184 are formed 
in the third layer 238. The suspension 170 could also be 
constructed using discrete Wires positioned over the ?exible 
?ngers 254 and 258 for the electrical conductors 184. In this 
case, the second layer 234 and third layer 238 could be 
deleted. 

FIG. 15 illustrates a design for a transducer suspension 
300 in Which the electrical conductors make little or no 
contribution to the stiffness of the ?exure. The construction 
and use of the suspension 300 is analogous to the construc 
tion and use of the suspensions 10 and 170, and the 
transducer suspension 300 can be substituted for the sus 
pensions 10 or 14 in the disk ?le 84 shoWn in FIG. 5. 

Speci?cally, the suspension 300 has a slider portion 304 
analogous to the slider portion 54, a link portion 308 (also 
referred to as a load beam) analogous to the link portion 62 
and an arm portion (not shoWn) analogous to the arm portion 
58. The suspension 300 also includes a slider 312 analogous 
to the slider 22, a plurality of electrical lines 316 analogous 
to the electrical lines 66 and a plurality of spaces 320 
analogous to the spaces 74. The slider 312 also includes one 
or more data transducers 314 for reading and/or Writing data 
on a magnetic medium. 
The suspension 300 also includes a stiffener 324. The 

stiffener 324 is an optional element that functions to increase 
the rigidity of the link portion 308 in bending and torsion. If 
increased rigidity of the link portion 308 is not required, or 
if it is achieved by additional forming of the link portion 
308, then the stiffener 324 may be deleted from the suspen 
sion 300. 

In the preferred embodiment, the slider 312 has dimen 
sions of 1 mm><1.25 mm><0.3 mm. HoWever, the present 
invention is not limited to this slider siZe. The transducer 314 
is electrically connected to the electrical lines 316 by a 
plurality of electrical connectors, designated as electrical 
connector 328, electrical connector 330, electrical connector 
332 and electrical connector 334. The electrical connectors 
328, 330, 332 and 334 are referred to as right angle ?llet 
joints and are formed in the manner described by Ainslie et 
al. in US. Pat. No. 4,761,699. 

In the preferred embodiment, the slider 312 is a conven 
tional magnetoresistive (MR) slider having an air bearing 
surface 336, a leading edge 340 and a trailing edge 344. A 
plurality of rains 346 are positioned on the air bearing 
surface 336 and the transducer 314 is a conventional thin 
?lm read/Write transducer formed on the trailing edge 344 
and used for reading and/or Writing data on a hard magnetic 
disk. HoWever, the present invention is not limited to thin 
?lm transducers or to hard magnetic disk technology. The 
present invention is a suspension system that could be used 
With other types of data transducers and systems such as 
optical detectors in optical disk systems or in ?exible 
magnetic media systems. 

FIG. 15 also illustrates that the slider portion 304 is 
connected to the link portion 308 by a ?rst ?exure arm 350 
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and a second ?eXure arm 354. The ?rst ?eXure arm 350 is 
positioned on the side of the suspension 300 Which is closest 
to a spacer ring 356. The spacer ring 356 is that portion of 
the spindle shaft 92 that separates the recording disks 88 
from each other in FIG. 5. 

The slider 312 is positioned on the slider portion 304. The 
plurality of electrical connectors 328, 330, 332 and 334 (also 
referred to as termination pads) are positioned on the trailing 
edge 344. In the preferred embodiment, the connectors 328 
and 330 are con?gured as Write-Write termination pads and 
the connectors 332 and 334 are con?gured as read-read 
termination pads. This enables the Write lines to act as 
electromagnetic shields to the read lines during the read 
operation. 

The electrical lines 316 are routed from the electrical 
connectors 328, 330, 332 and 334 along the side of the 
suspension 300 that is facing aWay from the spacer ring 356. 
In a region 358, the electrical lines 316 do not have any part 
of the ?rst layer 370 underneath them, and are said to be 
freely suspended. The region 358 is adjacent to the ?eXure 
arm 354 but is outside of the ?eXure arm 354, meaning that 
the region 358 is further aWay from the spacer ring 356 than 
the ?eXure arm 354. 

In a region 362, the electrical lines 316 eXtend along an 
edge of the suspension 300 Where a plurality of support tabs 
364 and/or the suspension 300 are positioned underneath the 
electrical lines 316 for support. In the embodiment shoWn in 
FIG. 15, the tWo read lines (i.e. the electrical lines 316 Which 
are connected to the connectors 332 and 334) are positioned 
along the outermost perimeter of the suspension 300 and are 
supported only by the support tabs 364. In contrast, the tWo 
Write lines (i.e. the electrical lines 316 Which are connected 
to the connectors 328 and 330) are supported by some of the 
support tabs 364 and by sections of the ?rst layer 370. This 
feature reduces the capacitance of the read lines to ground. 

In the preferred embodiment, the electrical lines 316 are 
continuous from the electrical connectors 328, 330, 332 and 
334 at least through the end of the region 362. HoWever, the 
electrical lines 316 could be broken and electrically recon 
nected at any point. For eXample, the region 358 could 
comprise a ?rst plurality of electrical lines and the region 
362 could comprise a second plurality of electrical lines 
connected to the ?rst plurality of electrical lines. 

FIG. 16 illustrates that in the region 362, the suspension 
300 is comprised of a three-layer laminate analogous to the 
laminates structure shoWn in FIG. 2. The suspension 300 is 
comprises of a ?rst layer 370 analogous to the ?rst layer 40, 
a second layer 374 analogous to the second layer 44 and a 
third layer 378 analogous to the third layer 48. The thick 
nesses and compositions of the layers 370, 374 and 378 are 
identical to those previously described for the layers 40, 44 
and 18 With respect to FIG. 2. 

FIG. 16 illustrates that the electrical lines 316 are regions 
of the third layer 378 that are roughly rectangular in cross 
section, and that have one of the spaces 320 positioned on 
each side. The spaces 320 eXtend doWn to the second layer 
374 so that the second layer 374 is eXposed through the 
space 320. One of the spaces 320 is positioned betWeen each 
adjacent electrical line 316 so as to prevent the electrical line 
316 from shorting out the adjacent electrical line 316. The 
electrical lines 316 are formed in the same manner as Was 

previously described for the electrical lines 66. 
FIG. 16 also illustrates the portion of the region 362 

Where the tWo Write electrical lines 316 are supported by a 
section of the suspension 300, namely the ?rst layer 370. 
The tWo Write electrical lines 316 are labeled 382 and 384 
in FIG. 16 and are shoWn having a Width Which is approXi 
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mately tWice the Width of the tWo read electrical lines 316 
Which are labeled 386 and 388. Along most of the length of 
the region 362, the tWo read electrical lines 386 and 388 are 
not supported by the ?rst layer 370, as is illustrated in FIG. 
16. 

FIG. 17 is a cross-sectional vieW illustrating that in the 
region 358, the electrical lines 316 are not supported by the 
?rst layer 370. In this region 358, the electrical lines 316 all 
have the same Width and are equally spaced apart, and only 
the second layer 374 is positioned underneath the electrical 
lines 316. 

FIG. 18 illustrates the shape of the ?rst layer 370 When the 
second and third layers 374 and 378 are removed from the 
suspension 300. A?eXure portion 392 is positioned betWeen 
the link portion 308 to the slider portion 304. HoWever, the 
slider portion 304 is not connected to the ?eXure portion 
392. A raised dimple 393, analogous to the dimple 265, is 
positioned on the ?eXure portion 392. 

The ?rst layer 370 includes the plurality of tabs 364 Which 
are positioned along a side 394. The tabs 364 provide 
support for the read electrical lines 316. A plurality of slots 
396 are formed in the link portion 370. The slots 396 eXtend 
completely through the ?rst layer 370. The function of the 
slots 396 is to alloW the stiffness of the link portion 308 to 
be controlled mainly by a pair of load adjust areas 400. The 
load adjust areas 400 are the predominant features for 
controlling the preload of the suspension 300. 

FIG. 19 illustrates the shape of the second layer 374 When 
the ?rst and third layers 370 and 378 are removed from the 
suspension 300. The second layer 374 includes a ?eXure 
portion 404 Which runs adjacent to the ?eXure arm 354 but 
Which is positioned farther aWay from the spacer ring 356 
than the ?exure arm 354 and Which does not overlap the 
?eXure arm 354. An elongated link section 408 runs adjacent 
to the side 394 of the ?rst layer 370 and is positioned over 
the tabs 364 and part of the link section 308. Aslider portion 
412 makes an approximately ninety degree angle to the 
?eXure portion 404 and lays over the slider portion 304 of 
the ?rst layer 370. In the preferred embodiment, the second 
layer 374 comprises a continuous layer of material and the 
portions 404, 408 and 412 merely refer to sections of the 
continuous layer. 

FIG. 20 illustrates the shape of the third layer 378 When 
the ?rst and second layers 370 and 374 are removed from the 
suspension 300. The electrical lines 316 are positioned so 
that they lay on top of the second layer 374. The third layer 
378 includes a ?eXure portion 416 Which lays over the 
?eXure portion 404; an elongated link section 420 Which 
lays over the link section 408; and a slider portion 424 Which 
lays over the slider portion 412. A plurality of pads 428 are 
areas of the third layer 378 upon Which the electrical 
connectors 328, 330, 332 and 334 are positioned. 

In the preferred embodiment, the third layer 378 com 
prises a continuous layer of material and the portions 416, 
420 and 424 merely refer to sections of the continuous layer. 
The ?eXure portion corresponds to the region 358 of FIG. 15 
and the link portion 420 corresponds to the region 362 of 
FIG. 15. 

FIG. 21 illustrates that the ?eXure arms 350 and 354 are 
parts of a ?eXure member 430, Which is a separate piece 
from the layers 370, 374 and 378. The ?eXure member 430 
is comprised of stainless steel (eg 302 stainless steel), 
similar to the ?rst layer 370, but the ?eXure member 430 is 
thinner and more compliant than the ?rst layer 370. A cavity 
434 is positioned betWeen the ?eXure arms 350 and 354 and 
eXtends completely through the ?eXure member 430. A 
crossbar 438 connects the ?eXure arms 350 and 354. 
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When the suspension 300 is assembled, the ?exure mem 
ber 430 is attached to the ?rst layer 370 by either epoxy or 
spot Welds on the side of the ?rst layer 370 Which is opposite 
to the side of the ?rst layer 370 on Which the layer 374 sits. 
During assembly, the ?exure member 430 is positioned 
under the ?exure portion 392 With the crossbar 438 posi 
tioned underneath of, and attached to, the slider portion 304. 
The cavity 434 is underneath the ?exure portion 392. 
Therefore, the slider 312 sits on the slider portion 304 and 
on the dimple 393. 

If used, the stiffener 324 (shoWn in FIG. 15) is attached to 
the ?rst layer 370 by spot Welds or epoxy and acts as a 
stiffener to increase the rigidity of the suspension 300. 

The ?exure arms 3510 and 354 are regions of reduced 
stiffness compared to the link portion 308. The reduced 
stiffness of the ?exure arms 350 and 354 alloWs the slider 
312 to conform to, and ?y over, a magnetic medium such as 
the recording disk 88 shoWn in FIG. 5. 

Referring to FIGS. 15—21, the functioning of the suspen 
sion 300 can be explained. The suspension 300 provides a 
head gimbal assembly design in Which four objectives are 
realiZed: First, the stiffness of the electrical lines 316 does 
not appreciably affect the stiffness of the ?exure arms 350 
and 354. As is shoWn in FIG. 15, the electrical lines 316 are 
routed off to one side in the region 358. Since the electrical 
lines 316 do not overlap the ?exure arms 350 or 354, they 
do not contribute appreciably to the stiffness of the ?exure 
arms 350 or 354. Additionally, FIG. 17 illustrates that the 
?rst layer 370 has been removed from underneath the 
electrical lines 316 in the region 358. This means that the 
?exure arms 350 and 354 are the predominant mechanical 
members for providing stiffness to the slider 312. The use of 
a high strength alloy for the third layer 378, such as the 
Cu—Ni—Si—Mg alloy, the Be—Cu—Ni alloy, the 
Cu—Fe—Zn—P alloy or the Cu—Ti alloy described 
previously, alloWs the thickness of the third layer 378 to be 
kept thin enough so as not to appreciably contribute to the 
rigidity of the ?exure arms 350 and 354, While still provid 
ing suf?cient strength to support the electrical lines 316, and 
to survive the manufacturing process. 

It should be noted that the present invention is not limited 
to situations Where the electrical lines 316 are formed in the 
third layer 378. The suspension 300 could also be con 
structed using discrete Wires positioned in the regions 358 
and 362 to function as the electrical lines 316. In this case, 
the second layer 374 third layer 378 could be deleted. 

The second advantage of the design of the suspension 300 
is that the removal of the ?rst layer 370 from underneath the 
tWo read electrical lines 316 over most of their length, 
reduces the capacitance of the read lines and improves the 
data handling capabilities of the suspension 300. FIGS. 15 
and 16 illustrate that the ?rst layer 370 has been removed 
from underneath the tWo read electrical lines 316 (i.e. the 
tWo outermost lines 316) except in the area of the support 
tabs 364. 

In some embodiments, it may be desirable to reorder the 
electrical lines 316 in a Write-read-Write-read con?guration. 
In such a case, one or more slots like the slots 266 of FIG. 
12 can be used to reduce the capacitance of the read lines. 

The third advantage of the design of the suspension 300 
is that the conventional termination pad ordering of Write 
read-read-Write, can be achieved With the present design by 
simply con?guring the connector 328 as a Write pad, the 
connectors 330 and 332 as read pads and the connector 334 
as a Write pad. The routing of the electrical lines 316 alloWs 
this Without increasing the susceptibility for picking up 
electromagnetic (EM) noise. The electrical lines 316 con 
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necting to the read pads 330 and 332 need to be kept close 
together and a constant distance apart so as not to create a 
loop of conductor material that Would act as an antenna for 
EM noise. In contrast, With reference to FIG. 9, it can be 
seen that the electrical lines 184 must be kept in a read-read, 
Write-Write ordering so as to avoid the situation of creating 
a conductor loop that Would be susceptible to EM noise. 
The fourth advantage of the design of the suspension 300 

is that by routing the electrical lines 316 along the outer side 
of the suspension 300, the suspension 300 can get closer to 
the spacer ring 356. This alloWs more data tracks to be 
accessed by the slider 312 than is possible With other 
suspension designs. 

Although the present invention has been described in 
terms of the presently preferred embodiment, it is to be 
understood that such disclosure is not to be interpreted as 
limiting. Various alterations and modi?cations Will no doubt 
become apparent to those skilled in the art after having read 
the above disclosure. Accordingly, it is intended that the 
appended claims be interpreted as covering all alterations 
and modi?cations as fall Within the true spirit and scope of 
the invention. 
What is claimed is: 
1. A suspension system for supporting a magnetic read/ 

Write slider comprising: 
a load beam for mechanically supporting a slider; 
a slider support member for providing a region on Which 

the slider can be mechanically attached; 
a ?exure having less stiffness than the load beam and 

connecting the load beam to the slider support member, 
the ?exure comprising a ?rst ?exible ?nger region 
extending along a ?rst outside edge of the ?exure and 
a second ?exible ?nger region extending along a sec 
ond outside edge of the ?exure, the ?rst ?exible ?nger 
region and the second ?exible ?nger region each com 
prising a multilayered material comprised of a ?rst 
layer, a second layer positioned over the ?rst layer, and 
a third layer positioned over the second layer, the ?rst 
layer comprising a metal, the second layer comprising 
a dielectric material and the third layer comprising an 
electrically conductive material With the ?rst ?exible 
?nger region being connected to the slider support 
member by at least a part of the ?rst layer and the 
second ?exible ?nger region being connected to the 
slider support member by at least a part of the ?rst 
layer; 

at least one slot that extends completely through the ?rst 
layer of the ?rst ?exible ?nger region; and 

at least one electrical conductor formed in the third layer 
of the ?rst ?exible ?nger region and positioned over the 
slot. 

2. The suspension system of claim 1 further comprising: 
a plurality of electrical conductors extending along the 

second ?exible ?nger region. 
3. The suspension system of claim 1 Wherein the third 

layer has a thickness less than or equal to eighteen microns. 
4. The suspension system of claim 1 Wherein the third 

layer comprises an electrically conductive material selected 
from the group consisting of Cu—Ni—Si—Mg alloy, 
Be—Cu—Ni alloy and Cu—Ti alloy. 

5. The suspension system of claim 1 Wherein the ?rst layer 
comprises stainless steel. 

6. The suspension system of claim 1 Wherein the second 
layer comprises a polyimide. 

7. The suspension system of claim 1 further comprising: 
at least one slot that extends completely through the ?rst 

layer of the second ?exible ?nger region; and 
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at least one electrical conductor formed in the third layer 
of the second ?exible ?nger region and positioned over 
the slot that extends completely through the ?rst layer 
of the second ?exible ?nger region. 

8. A suspension system comprising: 
a magnetic read/Write transducer for reading and/or Writ 

ing data on a magnetic storage medium; 
a slider for holding the transducer; 
a slider support member for providing a region on Which 

the slider is mechanically attached; 
a load beam for mechanically supporting the slider; 
a ?exure having less stiffness than the load beam and 

connecting the load beam to the slider support member, 
the ?exure comprising a ?rst ?exible ?nger region 
extending along a ?rst outside edge of the ?exure and 
a second ?exible ?nger region extending along a sec 
ond outside edge of the ?exure, the ?rst ?exible ?nger 
region and the second ?exible ?nger region each com 
prising a multilayered material comprised of a ?rst 
layer, a second layer positioned over the ?rst layer, and 
a third layer positioned over the second layer, the ?rst 
layer comprising a metal, the second layer comprising 
a dielectric material and the third layer comprising an 
electrically conductive material selected from the 
group consisting of Cu—Ni—Si—Mg alloy, 
Be—Cu—Ni alloy and Cu—Ti alloy; 

at least one slot that extends completely through the ?rst 
layer of the ?rst ?exible ?nger region; and 

at least one electrical conductor formed in the third layer 
of the ?rst ?exible ?nger region and positioned over the 
slot. 

9. A disk drive system comprising: 
a data storage medium; 
a data transducer for reading and/or Writing data on the 

data storage medium; 
an actuator for moving the data transducer relative to the 

data storage medium; 
a slider for holding the data transducer; 
a slider support member for providing a region on Which 

the slider is mechanically attached; 
a load beam for mechanically supporting the slider; 
a ?exure having less stiffness than the load beam and 

connecting the load beam to the slider support member, 
the ?exure comprising a ?rst ?exible ?nger region 
extending along a ?rst outside edge of the ?exure and 
a second ?exible ?nger region extending along a sec 
ond outside edge of the ?exure, the ?rst ?exible ?nger 
region and the second ?exible ?nger region each com 
prising a multilayered material comprised of a ?rst 
layer, a second layer positioned over the ?rst layer, and 
a third layer positioned over the second layer, the ?rst 
layer comprising a metal, the second layer comprising 
a dielectric material and the third layer comprising an 
electrically conductive material selected from the 
group consisting of Cu—Ni—Si—Mg alloy, 
Be—Cu—Ni alloy and Cu—Ti alloy; 

at least one slot that extends completely through the ?rst 
layer of the ?rst ?exible ?nger region; and 

at least one electrical conductor formed in the third layer 
of the ?rst ?exible ?nger region and positioned over the 
slot. 
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10. A suspension system for supporting a magnetic read/ 

Write slider comprising: 
a load beam for mechanically supporting a slider, the load 
beam comprising a ?rst layer comprised of a metal, a 
second layer comprised of a dielectric material and 
positioned over the ?rst layer, and a third layer com 
prised of an electrically conductive material and posi 
tioned over the second layer; 

a slider support member for providing a region on Which 
the slider can be mechanically attached; 

a ?exure for connecting the load beam to the slider 
support member, the ?exure comprising a ?rst ?exure 
arm Which forms a ?rst outside edge of the ?exure and 
a second ?exure arm Which forms a second outside 

edge of the ?exure; and 
a plurality of electrical conductors formed in the third 

layer, the plurality of electrical conductors including a 
?rst section and a second section, the ?rst section 
comprising a region Where the plurality of electrical 
conductors are positioned over the second layer and the 
?rst layer of the load beam along an outside edge of the 
load beam, and the second section comprising a region 
Where the plurality of electrical conductors are posi 
tioned over only the second layer, the second section 
being positioned adjacent to the second ?exure arm and 
outside of the second ?exure arm. 

11. The suspension system of claim 10 Wherein the 
plurality of electrical conductors have a thickness less than 
or equal to eighteen microns. 

12. The suspension system of claim 10 Wherein the 
plurality of electrical conductors comprises a high strength 
electrically conductive material selected from the group 
consisting of Cu—Ni—Si—Mg alloy, Be—Cu—Ni alloy 
and Cu—Ti alloy. 

13. The suspension system of claim 10 Wherein the 
?exure comprises a separate piece that is attached to the load 
beam. 

14. A disk drive system comprising: 
a data storage medium; 
a data transducer for reading and/or Writing data on the 

data storage medium; 
an actuator for moving the data transducer relative to the 

data storage medium; 
a slider for holding the data transducer; 
a slider support member for providing a region on Which 

the slider is mechanically attached; 
a load beam for mechanically attaching the slider support 
member to the actuator, the load beam comprising a 
?rst layer comprised of a rigid material, a second layer 
comprised of a dielectric material and positioned over 
the ?rst layer, and a third layer comprised of an 
electrically conductive material selected from the 
group consisting of Cu—Ni—Si—Mg alloy, 
Be—Cu—Ni alloy and Cu—Ti alloy, the third layer 
being positioned over the second layer; 

a ?exure for connecting the load beam to the slider 
support member, the ?exure comprising a ?rst ?exure 
arm Which forms a ?rst outside edge of the ?exure and 
a second ?exure arm Which forms a second outside 

edge of the ?exure, the second ?exure arm being 
positioned farther aWay from the center of the data 
storage medium than the ?rst ?exure arm; and 
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a plurality of electrical conductors formed in the third 
layer, the plurality of electrical conductors including a 
?rst section and a second section, the ?rst section 
comprising a region Where the plurality of electrical 
conductors are positioned over the second layer and the 
?rst layer of the load beam along an outside edge of the 
load beam, and the second section comprising a region 
Where the plurality of electrical conductors are posi 
tioned over only the second layer, the second section 

20 
being positioned adjacent to the second ?eXure arm and 
outside of the second ?eXure arm. 

15. The disk drive system of claim 14 Wherein the 
plurality of electrical conductors have a thickness less than 
or equal to eighteen microns. 

16. The disk drive system of claim 14 Wherein the ?eXure 
comprises a separate piece that is attached to the load beam. 

* * * * * 


